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tunities are unlikely in the near term. The microgravity environment

is to be considered primarily as a ton! for research and secondarily
as a manufactt'ring site. This research tool is unique, valuable, and

presently available to U.E. investigators only througi_ resources pro-
vided by NASA. The United States has an obligation to facilitate
corporate research, maintain a flexible international policy, foster use

of and assure access to a wide variety of faci ities, and develop a posrture of nat onal and international leadership in and stewardship o,
research and materials processing in the microgravity environment.

The N_tional Research Council's Committee on Industrial Applica-
tions of the Microgravity Environmen_ recommends six actions that
strengthen thie posture, including _he formation of an authoritative
organization to oversee the implementation of- vigorous program of
basic microgravity research and its industri,_ applications.
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NOTICE: The project that is the subject of this report was approved by the Governing
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National Academy of Sciences, the National Academy of Engineering, and the Institute of
Medicine. The members of the committee responsible for the report were chosen for their
specla! competences and with regard for appropriate balance.

This report has been reviewed by a group other than t}_e authors according to procedures
approved by a Report Review Committee consisting of members of the National Academy of
Sciences, the National Academy of Engineering, and the Institute of Medicine.

The National Academy of Sciences is a private, nonproi_t, ee_-perpetuatlng society
of distinguished scholars engaged in scientific and engineering research, dedicated to the
furtherance of science and technology and to their use for the general welfare. Upon the
authority of the charter granted to it by the congress in 1863 the Academy has a mandate

that requires it to advise the federal government on scientific and technical matters. Dr. Frank

Press is president of the National Academy of Sciences.
The Natinna] Academy of Engineering was establkhed in 1964, under the charter of

the National Academy of Sciences, as a parallel organisation of outstanding engineers. It
is autonomous in its administration and in the selection of its members, sharing with the
National Academy of Sciences the responsibility for advising the federal government. The

! National Academy of Engineering also sponsors engineering programs aimed at meeting
national needs, encourages education and research, and recognises the superior achievements
of engineers. Dr. Robert M. White is president of the National Academy of Engineering.

The Institute of Medicine was established in 1970 by the National Academy of Sciences to
secure the services of eminent members of appropriate professions in the examination of policy
matters pertaining to the health of the public. The Institute acts under th-. responsibility
given to the National Academy of Sciences by its congressional charter to be an adviser to the
federal guve,-'nment and, upon its own initiative, to identify issues of medical care, research,
and education. Dr. Samuel O. Thier b president of the Institute of Medicine.

The National Research Council was organised by the National Academy of Sciences in 1916
to associate the broad community of science and technobgy with the Academy's purposes
of furthering knowledge and ad¢ising the federal government. Punctionlng in accordance
with general policies determined by the Academy, the Council has become the principal
operating agency of both the National Academy of Sciences and the National Academy
of Engineering in providing services to the government, the public, and the scientific and
engineering communities. The Council is administered jointly by both Academies and the
Institute of Medicine. Dr. Frank Press and Dr. Robert M. White are chairman and vice
chairman, respectively, of the National Research Council.

This study by the Space A "_licatlons Board was c_nducted under Contract No. NASW-
4154 with the National Aeronaut._s and Space Administration.
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performed inspace.Significantdemands formanufacturingoppor-
tunitiesareunlikelyinthe nearterm.The microgravityenvironment

isto be consideredprimarilyas a toolforresearchand secondarily
as a manufacturingsite.This researchtoolisunique,valuable,and

presentlyavailabletoU.S.investigatorsonlythroughresourcespro-
vided by NASA. The United Stateshas an obligationto facilitate

corporateresearch,maintaina flexibleinternationalpolicy,fosteruse

ofand assureaccesstoa widevarietyoffacilities,and developa pos-

tureof nationaland internationalleadershipinand stewardshipof

researchand materialsprocessingin the microgravityenvironment.

The NationalResearchCouncil'sCommittee on IndustrialApplica-

tionsofthe MicrogravityEnvironment recommends sixactionsthat

strengthenthisposture,includingtheformationofan authoritative

organizationtooverseetheimplementationofa vigorousprogram of

basicmicrogravityresearchand its!ndustrialapplications.
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Preface

The adventofthespacestationera,withthelaunchingofthe
MirSpaceStationandtheapprovaloftheNationalAeronauticsand
SpaceAdministration(NASA) planforan InternationalSpaceSta-
tion,hasplacedrnicrogravityresearchatcenterstageinspacescience.
Microgravityresearchincludesindustrialapplicationsofthemicro-
gravityenvironment.The promiseofeliminatingbuoyancy-driven
forces(sedimentation,convection)and exaggeratingweak surface
forcesattractsindustrialresearchersinsuchfieldsasmetalsand al-

loys,glassand ceramics,fluiddynamics,electronics,biotechnology,
combustionscience,and polymerscience.

For two decades,NASA hasconducteda researchprogramin
"Materials Processiz, g in Space," now termed "Microgravity Science
and Applications," which is also the name of a Division within its
Office of Space Science and Applications (OSSA). Two other NASA
Offices support microgravity research programs: the Office of Com-
mercial Programs (OCP) and the Office of Aeronautics and Space
Technology (OAST). Although the Congress has shown considerable
interest in this field, although there are a few hundred scientists in-
terested in microgravity research, and although hyperbole abounds
concerning its promise, U. S. productivity has been limited. The
Space Apvlications Board (SAB) was asked by OSSA to review this

V
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fieldand toprovidea realisticassessmentofthepotentialfortrans-

ferof technologyto U.S. industrywhile alsoexamining economic

and management aspectsof U.S. programs. The SAB responded

by constitutingthe Committee on IndustrialApplicationsof the

MicrogravityEnvironment,consistingofmembers ofthe SAB and

appointedrepresentativesofindustry,government,and universities.

Afteritsapprovalby the NationalResearchCouncil,thiscommittee

heldfourmeetings_ two dedicatedto informationgatheringand

two dedicatedtopreparationofthisreport,thefoundationofwhich

issixmajor recommendations tostrengthenthefutureofindustrial

applicationsofthe microgravityenvironmentintheUnitedStates.

Throughout thecourseofplanningand executionofthecommit-

tee'sduties,the members ofthe committee gave thisresponsibility

substantialpriorityin theirbusy livesand devotedcorrespo_di,gly
seriousattentionto itlikewise,and thosewho were invitedtosp_ak

tothe committeepreparedtheirpresentationswith utmostcareand

expressedthemselveswith exceptionalfrankness.The reportthat
followsdoes not expressan easilyderivedconsensusofthe commit-

tee;thewords thatappearinthebody ofthereportaretheresultofa

combinationoflengthydebate,frankexpressionscfopinion,attacks

and parries,and eventualthoroughagreement.I am most grateful

forthe sustainedpatienceanJ energyofthe committee in arriving

at thisproduct,and I expressthe committee'sstrongsentimentin

thanking the staffof the Space ApplicationsBoard, Dr. William

H. Michael,Jr.,Ms. Vki Marrero,Ms. Amy Janik,and Mr. David

Johnson.Drs.RobertPedragliaofMcDonnell DouglasCorporation,

and ChristopherPodsiadlyof Minnesota Mining & Manufacturing

Company playedan importantroleinthecommittee'sdeliberations,
and Mr. CourtlandS. Lewis made carefulnotesofthe committee's

progressand aidedimmenselyincreatingthe languageofthereport.

PaulTodd

Chairman
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Abstract

Futureopportumtms forcommercializationofthe microgravity

environmentwilldepend upon thesuccessofbasicresearchprojects

performedinspace.Significantdemands formanufacturingoppor-
tunitiesareunlikelyinthenearterm.The microgravityenvironment

isto be consideredprimarilyas a toolforresearchand secondarily

as a manufactvringsite.Thisresearchtoolisunique,valuable,and

presentlyavailabletoU.S.investigatorsonlythroughresourcespro-
vided by NASA. The UnitedStateshas an obligationto facilitate

corporateresearch,maintainaflexibleinternationalpolicy,fosteruse

of and assure access to a wide variety of facilities, and develop a pos-
ture of national and international leadership in and stewardship of

research and materials processing in the microgravity environment.
The National Research Council's Committee on Industrial Applica-

tions of the Microgravity Environment recommends six actions that
strengthen this posture, including the formation of an authoritative
organization to oversee the implementation of a vigorous program of
basic microgravity research and its industrial applications.
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i
Report of the Committee on ]

Industrial Applications of the
Microgravity Environment

1. Introduction

Throughout the history of humankind, materials have been the
fundamental facilitating or _gateway" technology that has made
other technological advances possible. From wood and stone, to
iron, to bronze and steel, to silico:a semiconductors and ceramic su-
perconductors, progress in the development of materials has been the
foundation for the ascent of man. As mankind now moves out int_

a fuller exploration and use of space, the development of materials

for application in space will become as important as the develop-
ment of materials for terrestrial, commercial applications. We will

have to learn how to live with, work in, and productively utilize the
characteristics of the microgravity environment. Space provides the
medium for what may be some of the most novel and important
advances in materials and l:rocesses that we are likely to see in our
lifetimes.

The National Research Council's Space Applications Board was
asked by the National Aeronautics and Space Administration's Office

of Space Science and Applications to undertake a study of the NASA
microgravity program, with empha3is on the potential for transfer of
the program results to industry. An outcome of the review was ex-

pected to be a realistic evaluation of the industrial potential of space

3
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4

processing and space processing research. The management and eco-
nomic aspects of space processing were also to be evaluated. The
Space Applications Board responded to this request by establishing

a temporary Committee on Industrial Applications of the Micrograv-
ity Environment, charged to conduct research on these questions and
to prepare a report. Over the past decade, related subjects have
been addressed by other bodies. The Committee on the Industrial

Applications of the Microgravity Environment used the reports of
those groups as background for its deliberations and research while

avoiding duplicati_,n of the efforts of those bodies. Therefore, some
of the findings and recommendations that follow are expressed in
the context of earlier reports, with which the committee has chosen

to agree or disagree. The body of the report is brief and is written
in the spirit of an executive summary, with supporting appendices
corresponding to each recommendation presented at the end of the

report.

The goal of the committee's report, and the purpose of its recom-
mendations, is to ensure that the United States is well positioned to
obtain and hold a leadership role in the useful application of the mi-
crogravity environment and to maintain a high international profile
in this highly visible arena.

2. A Leadership Role for NASA in Microgravity Research

Space provides humankind with a new and unique environment
for research. The near-weightless, or microgravity, environ:.aent of

space offers a new variable for research on materials and industrial
processes. For the indefinite future, progress in science and technolo-
gy will benefit greatly from the exploration of this new variable and
the fuller understanding of other variables (especially those masked

by gravity) that affect processes on earth. NASA is itself a major
user and patron of advanced materials, and NASA holds the keys to
the space environment.

NASA should take a leadership role in ensuring that the valu-
able mierogravity environment is used wisely, aggressively,
and fairly in pursuit of basic science and its application to
the nation's interests.

Microgravity materials science and applications has three objec-

tives: (1) basic research on materials and materials processing, (2)
in situ (i.e., in-space) processing focused on the use of materials in
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space (such as the welding of space structures and the lubrication
of space machines) and (3) manufacturing of products in space for
return to earth. Nearly all of the activity in the field to date has
focused on the first two objectives, yet the perceived promise of the
field has often focused on the third activity, manufacturing. A variety
of authoritative reports on this subject have stressed tl.at the most
significant near-term promise lies in the first two areas, research and
in-space processing technology, rather than in the manufacturing of
products. We concur with this finding. However, industrial devel-
opment draws on knowledge developed from basic research. In the
absence of an adequate pool of knowledge derived from microgravity
research,itisimpossibletopredictthefutureindustrialapplications
ofmicrogravityresearch.

In view of present resource and knowledge limitations, we
recommend that NASA focus its current microgravity program
on basic materials science, processing research, and in-space
processing technology, rather than on manufacturing.

3. Working With U.S. Industry

As directed by the Space Act of 1958 (as amended), a major
goal in NASA's microgravity program has been to enlist the support
of U.S. industry. Industry will participate for long-term strategic
reasons if the risks and barriers are sufficiently low. At present, U.S.
industry perceives little near-term profit incentive for manufacturing
in space. However, industrial involvement in this very early period of
basic research undoubtedly will hasten the day when the knowledge
gained from that research contributes to U.S. industrial competi-
tiveness. The government should take steps to minimize the various
institutional impediments to flight experimentation.

Given the scarcity of near-term profitable ventures requiring
the microgravity environment, and the desirability of having
industry and government working to3ether in this field (in-
cluding research interactions between NASA and industries},
we recommend that the U.S. Government and NASA encour-
age firms to participate in microgravity research and technolo-
gy development (either alone or in the form of consortia, such
as those sponsored by the Centers for Commercial Develop-
ment of Space} by actively supporting such industrial research
and by reducing the barriers to that participation.

\
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Faster document processing, streamlined peer review, reduced bar-
riers to project development, and reliable access to microgravity are
some of the greatest needs. It is also important to strengthen the
communication between NASA and the nation's industrial research

community (through regular exchange of information and personnel
assignments) regarding advances and opportunities in the micrograv-
ity field.

4. International Cooperation

U.S.nationalself-interestrequiresthatinternationalpolicywith

respecttomicrogravityresearchbecome more flexible.Japan, Ger- "

many, France,and the European Space Agency are allvigorously ,,.

pursuingresearchinthemicrogravityfield,and theyhavesubstantial
microgravityresearchbudgets.INTOSPACE is__urope s aggressive

corporationforthecommercializationofmicrogravity.Furthermore_

many Japanesecompanies in the relevantfieldshave establisheda"

Space Department (orthe equivalent)with full-timeresearchstaff.

Cooperationwith theseallieson microgravityresearchwould be

highly advantageous to the United States and will be facilitated by
theirplannedparticipationinthe Space'Station,togiveone exam- .-

ple. In particular,NASA shouldreviewitscurrentrestrictionson

foreignparticipationas partnerswith U.S.firmsand institutionsin
the CentersfortheCommercial DevelopmentofSpace toensurethat

theyareinaccordwith U.S.interests.Inmany cases,we have more

togainthanto losethroughtheparticipationofforeigncompanies.

Cooperationwith nationsother than our alliescould alsoof-

fer benefits.The fundamental natureof microgravityresearchin

space providesus with _ uniqueopportunityto share information

on advancesin a fieldwhose potentialapplicationsare stillfarin

the future.For example, initsSalyutand Mir spacestations,the

SovietUnion, a most successfulspacefaringnation,has conducted

over2,000microgravityexperiments,givingita well-developedex-

perienceand knowledgebaseinmicrogravityresearch.The People's

RepublicofChina alsohas recentlybegun an activeprogram ofmi-

crogravityresearchon materials.As themagnitude ofspaceprojects

grows,therewillbe goalsthatno singlenationcan meet with itsown
resources. , ,

We recommend that the U.S. government enhance the col-
laboration between U.S. and foreign microgravity scientists
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to the greatest extent consistent with U.S. interests. NASA
could facilitate this collaboration by the following means: (1)

allow foreign-owned companies from friendly nation_ tc par-
ticipate in NASA microgravity research consortia, and (2)
create a Task Force-type group to explore mechanisms for in-

teracting internationally to maximize scientific return while
protecting U.S. interests.

5. Accessto Space

The one irreplaceableresourcefor the pursuitof researchin

microgravityisaccessto space. The hiatusin the Space Shuttle
." .program has createdsevere'problemsinthisfield,asithas inmany

othersthatdepend on regularaccessto thespaceenvironment.The

committee emphasizesthe urgentneed to rebuildthe momentum,

quality,and enthusiasminNASA's microgravityresearchprogram;

' yet we recognize that this is particularly difficult to do given the lack

of flight opportunities. Existing facilities for pursuing microgravity
research in earth-based facilities are inadequate, so that preparation

of experiments for future spaceflight opportunities is difficult.

' To _rovide the greatest possible number of experiment opportu-
nities under the currently constrained circumstances, NASA should

. maximize opportunitiesfor accessto and use of the microgravity

environmentto prepareforresearchaboard the Space Station.Op-

." portuniti$_areneededforbothmanned and unmanned research.The

means of accessshouldincludeexpendablelaunchvehicles(ELVs)

s with recoverablecapsules,extendeddurationorbiters,and proposed

free-flyers of various designs. Thus, we add our voice to the growing
chorus of those urging IX...SA s development of a mixed fleet of craft

# for access to space, using ELVs for launching unmanned experiment
packages and the Shuttle for those that require human presence. Non-
orbital facilities such as drop towers, tubes and capsules, aircraft,
and sounding rockets should also be employed. Creative approaches
such as "piggybacking" microgravity experiments on other payloads,
or even designingthem intosatelliteswith otherprimary missions,

sholzld be pursued. Extensive use of the full range of facilities is
necessary to provide microgravity researchers with an interim means
of developing equipment and experiment protocols in preparation for
the effective use of the Space Station during the next decade. The
current paucity of flight opportunities could prevent the nation from

'. (taking full advantage of future long-duration microgravity facilities;

\
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performing this microgravity research in advance would help to fill i
that gap.

We recommend that NASA mazimize access to micrograv-

ity by fully utilizing the widest poseible range of microgravity
facilities. In addition, we strongly recommend that research
efforts focus on the development of improved ways of pursu-
ing remote, unmanned microgravity research (i.e., research
methodologies, sensors, effectors, etc.). Over time, the mi-
crogravity research community should attempt to reduce the
percentage of ezperiment# that require continuous manned
tending, and those microgravity ezperiments that must be
manned should be considered by NASA as Primary Payloads,

to the eztent possible.

In order to achieve this enhanced access, NASA should:

(1) allocate to microgravity research a significant portion of the
total time in orbit for experiments requiring full-time man

tending;

(2) give microgravity experiments requiring man tending Pri-
mary Payload status to assure that Orbiter resources (e.g.,
power, heating, cooling) are available to them and that the
w,:Lilability of such resources is not modified in experiment-
threatening ways. For example, Microgravity Science Labo-

ratories (MSL's) should be treated as Primary Payloads;

(3) develop Extended Duration Orbiter (EDO) and free-flier plat-
form capabilities as soon as possible to assure that tested

experiments and facilities are available for utilization on ad-
vanced long-duration spacecraft.

In this regard, it is essential to ensure that the planned Space
Station is designed to flexibly support a full range of changing mi-
crogravity research needs over the life of the facility. Designing in
that capability will require that NASA have a general concept of
the future microgravity research program while providing adequate
flexibility for the evolution of that program.

6. Utilizing the Nation's Mlcrogravlty Resources

The nation'smicrogravityresourcesconsistof:microgravityre-

search facilities of every type, both earth- and space-based; NASA's _ ,

\
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research and development activities and infrastructure; industrial
and academic capabilities and expertise; and external funding. Col-
lectively, they represent a unique resource. At present, those national
resources allocated to microgravity research are mostly found within

NASA, where (as was pointed out in the 1987 report I of the !NASA)
Microgravity Materials Science Assessment Task Force) they are
distributed throughout the organization. On the basis of a recom-
mendation made in that report, NASA has taken steps to coordinate

microgravity project R&D sponsored by the different divisions within
NASA. The committee applauds the intent of that recommendation
and urges that, while improving coordination, NASA take care not
to sacrifice the diversity (and hence creativity) of microgravity re-
search in the interest of simplified management, and also that NASA

assure that the special needs of corporate participants are adequately
served.

To maximize the impact that national resources can have on the
expansion of knowledge and its utilization requires that the resources
and the projects in which they are employed be wisely coordinated

and stron$1y managed not only within NASA but also throughout
the government and in cooperation with all sectors of the econo-
my. Furthermore, the committee wishes to call the attention of
NASA to the fact that the microgravity science research program
requires stable conditions in both management and policy. We as-
sume that NASA will be providing strong leadership for microgravity
research. In addition, we believe that policy, goal-setting, and strate-
gy decisions bearing on progress in the microgravity field should be

addressed through a high-level federal advisory board. Represented
on that board should be not only NASA, the current "provider"
of most resources and facilities for microgravity research, but also
other potential providers as well as the potential users. These latter

include industries such as pharmaceutical, electronics, metallurgy,
and ceramics, and government agencies such as the National Sci-

ence Foundation and the Departments of Commerce (NOAA and
the NBS), Transportation, Energy, and Health and Human Services
(which includes the National Institutes of Health). Successful past
experience with the National Advisory Committee on Aeronautics

tThlsreportisoftenreferredtoRsthe"DunbarReport,"aftertheTask
Forcechair,astronautBonnieJ.Dunbar. SeeAppendixA, Section4,for
completebibliographiccitation.
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(NACA) servesas an example ofexcellenceintransferringresearch
resultstoindustry.That transferwas accomplishedthroughindus-

try participationon tl,_.advi3orycouncilfrom theearliestplanning

stageson.

Because of the limited access to this unique research en-
vironment, and because of the range af interested parties,
we recommend that the federal government establish a se-

nior advisory board composed of representatives of industry,
academe, and interested government agencies. The mission
of this board would be to mazimize multi.sectoral participa-
tion in the civilian microgravity program, and to facilitate

the implementation of the foregoing recommendations of this
committee. Such a board could be housed in an ezisting pol-

icy o_ce of the Federal Administration, with NASA as its
leading agency. 2

2A_ thisreportwas undergoingfinalNatlon._lResearchCouncilreview,a
NationalMicrogravityResearchBoard,wlthstructureand purposesimilarto
thatrecommendedhere,w_s mandatedinthePresident's_SpacePolicyand
CommercialSpaceInitiativetoBegintheNextCentury"(TheWhiteHouse,
February11,1988).
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Appendix A !

Charge to the Committee

1. Letter f_om Burton I. Edelson Requesting the Study

The NASA Office of Space Science and Applications (OSSA)
_sked the National Research Council's Space Applications Board to
undertake a study of the NASA Microgravity Science and Applica-
tions Program, with emphasis on the potential for transfer of results
to industry, and to suggest means and mechanisms for increasing its !

!
effectiveness. A copy of the letter stating this request appears on the !
following page.

2. The Committee's Approach, Meetings, Presenters_ and Findings 1

At its first meeting on March 3, 1987, the committee organized to
prepare its report; the Space Applications Board was subsequently
briefed on the progress and plans of the committee. The second
meeting was set for May 18-19, 1987, as a fact-finding session with
briefings from many individuals and organizations. Representatives
of different points of view and areas of expertise were chosen to
address the committee. The third and fourth meetings, on July
15-16 and September 1-2, were devoted to writing of the report.

At the March 3 meeting Ms. Kathryn Schmoll, then Acting
Director of the Microgravity Science and Applications Division

11
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Nttg6
National Aeronautics and

Space Admm_stratton

Washington. DC
2O546

............ %"G 4 ic_6
EN

DL. Arden L. Bement, Jr.

Chairman, Commission on Engineering

and Technical Systems
National Research Council

2101 Constitution Avenue, NW

Washington, DC 20418

Dear Dr. Bement:

Following up on discussions held with the Space Applications

Board (SAB), [ would like the SAB to undertake a study of the

NASA Microgravity Science and Applications Program, with emphasis

on the potential for transfer of our applications program results

to industry. It would also be helpful if the Board would assess

other specific aspects of the microgravity research and

applications program and provide suggestions on means and
mechanisms for increasing its effectiveness.

In view of the many pronouncements regarding this subject,

particularly about materials processin<: in space, I feel that it

is particularly important to begin the study as soon as possible

and finish it in a reasonable amount cf time, perhaps one year.

Mr. Richard Halpern, Director of the Microgravity Science and

Applications Division, will be happy to work with your panel

conducting the study and your staff to help with any arrangements
desired.

Thank you for your responsiveness to this pressing problem. We

lo_k forward to working with the SAB.

Sincerely,

1989017663-023
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(MSAD), gave a number of suggestionsregardingpresenters,and
she listedand describeda totalofnineongoingstudiesofthe Micro-

gravityScienceand ApplicationsProgram: (1)a NASA-sponsored
study of microgravityresearchc_'._,ers,requestedthrough the Ad-

ministrator'soffice,being conductedby the MicrogravityMaterials

ScienceAssessmentTask Force,chairedby Dr. Bonnie J.Dunbar;

(2) a specialstudy by a Task Force led by Dr. CharlesForce of
NASA headquarters,(3)a reviewofNASA microgravityresearchat

NASA fieldcentersby NASA ChiefScientistDr. Frank McDonald;

(4) a study of the futureof materialsscienceand engineeringbe-
ing carriedout by the NRC's NationalMaterialsAdvisoryBoard;

(5) the Space Applications Board's Study (this st_dy); (6) a sur-
vey of NASA extramural microgravity research by NASA's Space
Applications Advisory Committee (SAAC); (7) a study of foreign
competition in microgravity by the Lovelace Foundation; (8) a spe-
cial review of the quality of science in microgravity flight programs at
the NASA field centers, requested by the Microgravity Science and

Ap_,:;__c_.tionsDivision and chaired by Dr. Robert Schrieffer; and (9)
the MSAD strategic planning task force, consisting of chairmen and
vice-chairmen of the six national Discipline Working Groups spon-

sored by the Universities Space Research Association (USRA). Ms.
Schmoll stated that microgravity research may be drawing a great
deal of investigative attention because (a) it is both science and ap-
plications and (b) Congress is supportive of microgravity research,
so the field draws attention in the form of studies.

At its second meeting (May 18-19), the committee listened to
the voices of the working community. NASA briefings were given
by Astronaut Dr. Bonnie J. Dunbar and Dr. Robert Snyder of Mar-
shall Space Flight Center. Dr. Dunbar described the role of the
Mission Specialist and summarized the findings of the NASA task
force she had chaired on microgravity science and applications. Dr.
Snyder discussed the research program planned for the International
Microgravity Laboratory (IML) missions aboard the Space Shuttle.

An international perspective was given by three speakers. Dr.
Ulrich Huth described the history, current programs, and plans of the

German Aerospace Research Establishment (DFVLR) with regard
to microgravity research; he al_o provided insight into the German
space program in general, including funding patterns. Mr. Robert
Mitchell, of Teledyne-Brown Engincering, made a wide-ranging pre-
sentation on the capabilities and achievements of the Sovie, space

\
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program, focusing on materials research and processing, both past
and present. Dr. Christopher Podsiadly of 3M Company gave a pre-
sentation on industrial applications of the microgravity environment

in the Japanese space program; both corporate and governmental
activities and orientations were described.

The centralfocusofthe two-daymeetingwas on industrialmi-

crogravityresearchactivities.A number ofcorporaterepresentatives
describedthe activitiesand plan_of theircompanies in thisarea

and expressedtheiropinions(both personaland corporate)on the
commercial potentialofspace processingand space processingre-
search.Dr. Bruce Merrifield,of the Department of Commerce, set

thekeynoteofthecommercialfocuswithatalkon theeconomicout-

lookforadvancedtechnologydevelopmentingeneraland spacetech-

nologyapplicationsinparticular.Two spaceentrepreneurialcompa-

nieswere represented:Dr. Robert CitrondescribedtheSPACEHAB

moduleshiscompany isseekingtodevelopasaccessorywork areasfor

theShuttle,alsofocusingon themarket and investmentaspects.Mr.

James Calaway,ofSpaceIndustries,Inc.,and Mr. Thomas Murrin,of

WestinghouseCorporation,describedthe IndustrialSpace Facility,

a manned/unmanned free-flyerthattheyaredevelopingjointly.

Companies actuallyconductingmicrogravityresearchand/or

ground-basedresearchon materialsto which microgravityis po-

tentiallyapplicablewere representedasfollows:

• Dr. Glen Kiplinger, of Ortho Pharmaceuticals Division of
Johnson & Johnson, described his company's activities, high-

lighting a continuous-flow e!ectrophoresis project that J&J
had pursued together with McDonnell Douglas.

• Dr. Robert Cooper, of Atlantic Aerospace Electronics Corpo-
ration, focused on the problem of high space transportation
costs. He believes that the National Aerospace Plane _ill

assure low-cost access to space.

• Dr.PaulMcMahon describedtheresearchprogram ofHoechst

CelaneseCorporation,a firmwhich recentlycame under Ger-

man ownershipand was for that reasonexcluded from a
NASA consortiumforthedevelopmentofmaterialsinspace.

• Dr. T.L. Nagabhushan presented the research program and
objectives of Schering-Plough Co. in the biotechnology field.

• Finally, Dr. Jerry Woodall of IBM described his company's

\
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efforts to estat2ish a space commercialization consorti: , with
other firms under a Joint Endeavor Agreement with NASA.

The concept of a Space Ultra-high Vacuum Research Facility
was featured.

In Executive Session, the committee identified some 18 separate

topics, or "propositions," that had emerged from the meetings thus
far. Discussion focused on certain topics: the idea of a national

space facility; the use of other (current) reports on microgravity
research as input to this committee's report from the standpoint of

scientific/technical issues; and how best to dispel the inflated notion
of manufacturing in space. Writing assignments for members were
made, and the approach for writing the draft report before and
during the next meeting was tentatively developed.

The third meet,ng of the committee (July 15-16) was a writing
retreat, at which, t.he format of the revort document and the initial
wording of the committee's recommendations were established. At

its fourth meeting (September 1-2) the committee reviewed the writ-
ter. results of the pL'evious meeting and chose the final format of the

report document and the detailed wording of the recommendations.
The diversity of the committee membership resulted in considerable
debate throughout, and the final wording of most of the recommen-
dations is the outcome of a consensus not always easily reached.
Committee agreement on the final document was achieved by mail.

3. Background Studies and Reports

_ The tasks of the Committee on the Industrial Applications of the
Microgravity Environment differ from those of other related commit-
tees. Some of the relevant reports produced by other committees in
the past are the following.

The Committee oa Scientific and Technological Aspects of Ma-
terials Processing in Space (STAMPS) was also a committee of the
Space Applications Board. This committee reported in 1978, making
a series of recommendations that bare guided NASA's activities in
th,s field since that time.

In a workshop conference at the Jet Propulsion Laboratory, in
December 1984, the Solid State Science Committee of the NRC re-
viewed the program's science activities in the post-STAMPS period.
The objective of the workshop meeting and resulting report was an

\
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evaluationof the program'squality.Two scientistsin each of the ]
technicalfieldsm'_depresentations--oneoverviewand one specific J
example of a researchproject.In itsdeliberationspresentedas an

introductiontothereport,thecommitteemade statementsofitsown

concerningthe prospectsforindustrialprocessdevelopment.These
includedthefollowing:

CONCLUSION #3: aLong-range opportunities for com-
mercialization appear to ezist, but care should be taken that
they are not oversold or inappropriately accelerated. _

CONCLUSION #6: aO?portunities for materials process-
ing in space should not be _riewed as the only justification
of the program; in addition to an improved understanding

of the science, a considerable return on investment is likely
to result from improved technology based on research and
development carried out in micro-g, but implemented in
unit g."

The NASA Advisory Council Report of the Task Force for the

Commercial Use of Space (known as the "Vanderslice Report", after
its chairman) was ded;.cated almost exclusively to questions of com-
mercial uses of the microgravity environment. It recommended that

materials research in NASA Centers for the Commercial Develop-
ment of Space be undertaken on the basis of its industrial potential
and that "NASA refrain from influencing research priorities based
on its own concept of commercial opportunities since NASA will not
make the decisions on commercialization." It further recommended

that, "A rigorous priority system to determine the content of micro-

gravity research be developed and implemented to insure that such
research is usefully focused on a limited number of key areas with
commercial potential."

The Microgravity Materials Science Assessment Task Force,
chaired by Dr. Bonnie J. Dunbar, submitted its final report in April
1987. It was charged to:

"1. Identify essential areas of research.

2. Determine NASA's role in research, technology develop-
ment, and hardware development.

3. Assess NASA's role in assisting its customers interested in
the STS.

\
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4. Develop a plan for using the Space Shuttle,Space Sta-

tion,Spacelaband/orfreeflyersformicrogravitymaterials

processing."

The Task Force consistedprimarilyof NASA DivisionDirectors,

branch chiefsat FieldCenters,and ad hoc commercial members.

They exploreda seriesof questions:_What isthe U.S.posturein

microgravitymaterialsresearch?What arethemajor researchques-

tionsand which ofthoseappeartobe ofcommercialinterest?What

isthestatusofthe foreignprograms? What are U.S.industry,gov-
ernment,and universityconcerns?Does thecurrentflightrateallow

reasonableresearchprogress?What typesofrelationshipsbetween

the government and industryare necessaryin order to stimulate

marketplace competitiveness?" The Task Force stated that "The
answers to these questions cause us concern."

The introduction of this report, after pointing to examples of

foreign superiority in microgravity materials science, emphasizes the
commercial significance of this activity:

"The implications of this new global 'race for space' eztend
beyond scientific endeavors; they encompass the commercial
marketplace as well. This is becaming more evident in the mi-
crogravity materials research field. The United States began
its microgravity materials research in the late 1960s. During
the Apollo, Skylab, and Apollo-Soyuz programs, nearly forty
experiments were flown; some in conjunction with European,
Japanese, and Soviet coinvestigators. These programs pro-
vided a foundation for a research field which is now nearly
twenty years old. _

"lt is true that during the late 1970s, the credibility of the

program suffered. In an effort to demonstrate the program's
potential commercial 'payoff', advocates sometimes promoted
unrealistic near-term rewards. When those rewards were not

soon forthcoming, both economic and management support
eroded; however, even as the United States retrenched its pro-
gram in the late 1970s, Europe, Japan, and the USSR pressed

ahead. The European program gained both focus and momen-
tum from its involvement in developing Specelab, while the
USSR has taken advantage of a nearly continuous presence
in the microgravity environment. _ (pg. iii)

I
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Technicalproblems,suchasobsolescenthardware and inflexible

experimentdesign,are mentioned. The reportconcludeswith 15

highlypragmaticrecommendationsfortheimprovement ofaccessto

microgravity.Some of theseare citedin otherappendicesof this

report.

The Business-HigherEducationForum addressedseveralprob-

lems of space industrializationin itswell-known report,"Space:

America'sNew CompetitiveFrontier,_ inwhich itrecommended that

American businessplaya roleinbringingvisiontospaceexploration

(page46):thatNASA providestrongsupportforprograms thatin-
cludeindustryand especiallyindustrialresearch(page53),and that
the U.S.assume an internationalroleof cooperativeleadershipand

not competitionand secrecy(page56).

The Space ApplicationsBoard noted,inreview-ofearlydraftsof

thisreport,thatthereseemed tobe a lackof NASA responsiveness
tothe recommendationsofearlierreports.

4. Report Bibliogr_phy

The followingrepresentsa sampling of documents relevantto

the subjectofthisreport,and which were utilizedby the committee

as backgroundforitsd'liberations.
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Appendix B
NASA Leadership in Microgravity Research t

1. Recommendations

'tNASA should take a leadership role in ensuring that the valu-
able microgravity environment is used wisely, aggressively,
and fairly in pursuit of basic science and its application to
the nation's interests."

'qn view of present resource and knowledge limitations, we
recommend that NASA focus its current mierogravitv progam
on basic materials science, processing research, and in-_pace
processing technology, rather than on manufacturing."

2. Microgravlty as a New Variable

Whenever density differences are present on a scale greater than
that of a single molecule, the factor g (gravity) plays a significant role
in the equations of motion used in physics and chemistry and in the
dimensionless groups used in fluid engineering. In such cases, inertial
acceleration is the same kind of variable as temperature, pressure,

electric field, etc.

The NASA Advisory Council Task Force for the Commercial Use

of Space stated that "use of the microgravity environment in space

21
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to h_prove and/or develop a wide range of materials and material
processes, including earth-bound processes, may have the largest
commercial potential of any space activity." It also pointed out
that "the available scientific microgravity data base is inadequate to
attract significant private sector investment in the development of
commercial applications."

The impact of microgravity studies on industrial processing will

be pronounced. To attempt to predict or specify in any detail the ben-
eficial effects of near-zero gravity conditions is to ignore the fact that
predictions on the impact of high vacuum, high temperatures, and
pressures on all materials technologies have invariably been severely
underestimated. One can cite high-performance metal structures,
high-temperature ceramic technologies, and solid state electronics as
examples.

Microgravity conditions should be approached as other impor-

tant parameters have been in the past, i.e., systematically and with
foresight. The study of the effects of microgravity on fundamental
processing parameters (e.g., heat and mass transport) is a necessary
starting point. It will reveal new interactive modes of processing
parameters which will have scientific importance and will provide

industry with new means for pursuing the development of new and
improved materials and processes, and thus of new technologies.

3. Mlcrogravlty Materials Science Activities

3.1 Research

Materials and processes research constitutes nearly 100% of mi-

crogravity research today, including that supported by the corporate
sector. This activity is sponsored by NASA primarily through two of
its divisions, the Commercial Development Division of the Ofiice of
Commercial Programs ("Code C," formerly "Code I") and tb _ Mi-
crogravity Science and Applications Division of the O_ce o_ w me
Scienceand Applications("Code E").Although thesetwo Divisim_s

havesomewhat differentcharters,theirprogram contentsaresimilar.

A. OfficeofCommercial Programs

This Officehas initiateda varietyofeffortsto stimulateindus-

trialinterest.Hardware projec+,senvisagingfutureneeds have been

funded at about $8 millionthisyear.Centersforthe Commercial

\
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Development of Space (CCDSs) have been funded for materials pro-
cessing. These centers are assured of five years of funding by NASA.
At the end of five years they are expected to be self-sufficient and
drawing their support from industry. There have been six c_nters
selected thus far for materials processing. These arc::

Clarkson University - Crystal Growth
University of Houston - Molecular Beam Epitaxy
Battelle Columbus Lab - Multiphase Materiah_
University of Alabama, Birmingham - Macrom,_lecular
Crystallography

University of Alabama, Huntsville - Materials Pr,_cessing
Vanderbilt University - Metallurgical Processing

A total of about $6 million will be paid to these organizations in
FY '87 and FY '88. Seven additional centers were funded in 1987,
some of which include microgravity research components.

OCP has also developed a variety of standard agreements to
,hatch the needs of industry. These are as follows:

1. Memorandum of Understanding (MOU) - This agreement
is usually a precursor to a Joint Endeavor Agreement (JEA-
see item 6 below). It essentially expresses NASA's interest
in the concept and is typically limlted to an _xch.xnge of
information. An MOU is useful to the firm propo:Ji_ngthis
concept, in that it assists the firm in raising funds to pursue
the idea further.

2. Technical Exchange Agreement (TEA) - The TEA i_ aimed
at those firms that are not ready to commit to a fl!,ght ex-
periment and wish to "test the water" at minimal expense.
NASA provides access to its ground facilities and aircraft
as well as technical information. NASA holds the first pub-
lication rights for NASA-developed data, but no rights are
retained by NASA on data developed by the private entity.

3. Industrial Guest Investigator Agreement (IGIA) - This
provides a means of achieving a NASA/industry collab-
oration on research in scientific areas of mutual interest.

The company funds a researcher to work with a principal
investigator on NASA-sponsored experiments.

\
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4. Space System Development Agreement (SSDA) - This

agreementisreservedforeffortsthatare perceivedto be

of nationalor socialsignificance.Itmay providelaunch

with specialconcessionsto the company, such asexclusiv-

ityand/ordeferredpayment.

5. Memorandum ofAgreement (MOA) - This an omnibus
_ype ofagreementthatcan be tailoredto thesituation.It

can providetechnicalassistance,launchfacilities,etc. In
any case,NASA isto be reimbursedforcostsassociated

with thisagreement.

6. JointEndeavor Agreement (JEA) - Thisagreementisthe

ultimateobjective.Itisinitiatedwhen a privateentityis

willingto investinhardware or experimentdevelopments
and commit to commercializeeconomicallyviableresults.

NASA providesShuttleflightsand standardservices.Op-

tionalservicesarepaidby theentity.Although thereisno

exchangeoffunds,everyattempt ismade to minimizethe
financialand technicalrisktothe entrepreneurialeffort.

OCP's budget for commercial programs isdescribedin Table
B-I.

TABLE B-1 Funding Profile for NASA Office of CommerciM Programs,

Commercial Use of Space (Dollars in Millions)

FY ' 86 FY '87

CommercialApplicationsR&D 12.94 22.63
CentersfortheCommercial (7.43) (11.00)
DevelopmentofSpace

CommercialR&D Enhancements ($.51) (11.13)

_ Integration .... (0.50)
CommercialDevelopmentSupport 1.85 3.00

,t Studies (0.68) (1.23)

i Support Services (1.17) (1.77)

i Commercial R&D Enhancement Maintenance ........

Total Commercial Use 14.7___99 25.63

B. Mlcrogravity Science and Applications Division

i The MicrogravityProgram of thisdivisionis made up of six .,
i distinctdisciplines:

¢
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• Metalsand Alloys
• Glassesand Ceramics
• ElectronicMaterials
• Combustion Science
• Biotechnology
• FluidDynamicsand TransportPhenomena

Sponsoredresearcheffortsareconductedatapproximately50
universities,10 industrialorganizations,3 non-profitorganizations,
theNationalBureauofStandards,4 NASA fieldcenters,and theJet
PropulsionLaboratory,aswellasattheNASA CenterscfExcellence.

There aretwo elementsto theprogram: flightresearchand
ground-basedresearch.Flightresearchincludesapparatusdevel-
opment,principalinvestigatorsupport,and dataanalysisactivity
directlyrelatedto flightsaboardthe Space TransportationSys-
tem (STS).Threedifferentflightmodes areavailable:themiddeck
area,thecargobayonspecially-designedsupportstructures,andthe
Spacelabpressurizedmoduleand pallets.The flightprogrammakes
useof_llthesemodes.Fourteen(14)flightexperimentswereflown
in 1985,usingninepiecesofhardware.Thisnumber islessthan
halftheexperimentsplanned,andthereforeonlylimitedresultswere
achievedinsome researchareas.By contrast,in1985,ES._.flew41
experiments,using10piecesofhardware.

The ground-basedresearchprogramconsistsoflaboratoryre-
searchat principalinvestigators'home institutionsand theuseof
NASA ground-basedfacilities,includingdrop tubes,drop towers,
andaircraft.Useoftheseground-basedfacilitiesestablishesthenec-
ess_xycriteriaand relevancetothemicrogravityenvironmentprior
tocommitmenttospaceflight.The CentersofExcellenceand Mi-
crogravityMaterialsScienceLab arealsopartoftheground-based
researchprogram.

In 1985,thenumberofresearchproposalsreceiveddoubledover i
theprioryear,indicatingtheincreaseinawarenessof,and interest
in,theprogram.The numberofpapersby NASA MSAD-sponsored
investigatorsinreferencedjournalsincreasesyearly.

The FY 1987budgetofMSAD was $34million.Thiswassupple-
mentedwith$12.5millionfor"advancedtechnologydevelopment";
theFY 1988budgetisexpectedtobe morethandoubletheFY 1987
budget(seealsoAppendixF).
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8._ In Sits Processing

In order to provide facilities in space such as structures, elec-
tronic and mechanical equipment, and an appropriate environment
for people and equipment, conducting and understanding a vari-
ety of microgravity processes is essential and must be an object of
NASA's processing program. Examples include the joining of metals
in space and lubricating and tribology in microgravity and high vac-
uum. Considerable research has been carried out in some of these
areas, but if the U.S. commitment to longer-term and larger-scale
sp_.ce _ctivities is to be successful, a sustained NASA commitment
to such materials studies is essential. The microgravity processes to
be understood and managed are usually not the s._rne as those of
interest for understanding ground-based processes or for establishing
a knowledge base for possible future manufacturing. The choice of
areas for investigation can be prioritized by an analysis of future
NASA projects. Joint activities with the industrial vehicle and space
equipment euprher community will be key to success. This is an area
where more industrial involvement is appropriate now, and NASA is
urged to devise mechanisms to enhance involvement.

8.8 SpaceManufacturing :_

One product manufactured in space, is, in fact, being sold--
namely, monodisperse latex microspheres manufactured on Shuttle

flight STS-3 and subsequent Shuttle flights. This product is sold
on the high-quality standards market by the National Bureau of
Standards, which has served a small but significant number of satis-
fied customers. The product was manufactured by university-based
scientists totally funded by NASA.

Prior to the Challenger accident, NASA and some of its contrac-
tors promotedthenotionthatspace manufacturingwas imminent.
Microgravitywas tohavebeentheuniquecharacteristicofthespace
environmentthatprivatefirms,incooperationwithNASA, would
exploittomanufacturegoodsinspacetobe soldon Earth.In1984,
drugs, materials to make semiconductors, and new glasses were es- l_
timated to account for as much as 40 billion dollars a year in gross
sales by the turn of the century. One article cites a Center for Space
Policy estimate of $41.5 billion annual sales for these three product
groupsand a RockwellInteraationalestimateforthesame group

\
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of products of $30 billion, s These estimates were predicated on the ,!
_: assumption ofwidespreadcorporateinterestin spacemanufactur-

ing and a rapidaccumulationof scientificand technicalknowledge

'" about the gravityparametergainedby frequentand low costaccess i
to space. As neitherlow-costnor frequentaccessto space was a

I- realisticprospectat the time,such an optimisticoutlookforspace

I manufacturingwas more justifiedas a publicrelationsexercisethan
asa realisticmarket forecast.

Whilespacemanufacturingwas notthesoleoreventhedominant

goalofthe NASA microgravityeffortin the mid-1980s,itwas the

most visibleand publicized.The visibilityaffordedseveral¢,cmon-

strationprojectsraisedexpectationsofimmediateeconomicbenefits.

As difficultieswereencounteredpriortotheChallengeraccident--for

example,fewerflightopportunitiesthanexpectedand highershuttle

_ pricesthan forecastedforthe late1080s--theprospectsforspace

manufacturingbegan todiminish.Inthecaseofthemost publicized

i: demonstrationproject,theMcDonnell Douglas/Johnson& Johnson
jointventure,the medicaland commercialinterestinthe material

under investigation(erythropoietin)led to intenseand ultimately
successfuleffortstofindan earth-basedalternativetopurificationin

1 microgravity.

4. CategoriesofMicrogravityResearch

The sixcategoriesofmicrogravityresearchrecognizedby MSAD

were introducedabove (See3.I-B).The broad and generalgoalsof
eachdisciplinecan be statedasfolle-.,s:

1. Metalsand Alloys:Investigatetheformationofalloysofmet-

alshavingverydifferentdensities;study floatzone refining;
assessdifferencesintheweldingprocessinmicrogravity.

2. Glasses and Ceramics: Form new and more uniform crystals
and glassesofdielectricmaterialsthroughstudyofthegravity

f dependent aspects of the solidification process.

I 3. ElectronicMaterials:Apply microgravitymethods to the

i st,udy of the process of solidification of highly crystalline semi-

t conducting and transducing materials such as GaAs, HgCdTe
3Unique Products, New Technology Spawn Space Business. Aviation Week

and Space Technology, 1984, 120(26):4-9.
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and a variety of III-V semiconductors; manufacture these ma-
terials in microgravity.

4. Combustion Science: Study the structure of flames and
gaseous fuel transport in the absence of convection, define
fire safety requirements in low gravity.

5. Bioteclmology: Perfect and scale up separation processes;
study the production of high quality crystals and matrices of
macromolecules, evaluate cellular and biological responses;

6. Pluld Dynamics and 1_rausport Phenmnena: Predict and eval-
uate the effects of forces normally masked by gravity; study
the processes of production of polymers and composites; serve
specific scientific needs of the other five disciplines.

While polymer science merits attention as a separate discipline, ac-
cording to the MSAD its goals are currently embodied within the
framework of each of the above disciplines.

\
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Appendix C
Involvement of U.S. Industry ,

1. Recommendation

aGiven the scarcity of near.term profitable ventures requiring
the microgravity environment, and the desirabili.',y of hav-
ing industry and government working together in this field

[including research interactions between NASA and indus-
tries), we recommend that the US Government and NASA
encourage firms to participate in mierogravity research and

technology development [either alone or in the form of con
sortia, such as tho6e sponsored by the Centers for Commercial

Development of Space) by actively supporting such industrial
research and by reducing the barriers to that participation "

2. The Space Act

The National Aeronautics and Space Act of 1958 mandates
NASA to pursue the expansion of human knowledge of phenomena in
the atmosphere and space and the preservation of U.S. leaderzhip in
the application of space science and technology for peaceful purposes.

(Public Law 85-568, 85th Congress, Section 102.)

In 1985 this Act was amended to create the NASA Office of Com-

mercial Programs, which absorbed the former C_fice of Technology
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Utilizationas a Divisionand createdthe Commercial Development

Division.The formerfacilitatestransferoftechnologydevelopedfor

thespa_eprogram to theciviliancommercialsector,whilethelatter

invdvesU.S.corporationsinspaceresearchthroughspecifictypesof

agreements(describedinAppendix B).

3. l_ozma] Agreements Between Companies and NASA

There areseveralmechanisms whereby corporationscan become

partnerswithNASA toeffectmicrogravity(andotherspace)research

projects.These agreements arc continuallyundergoingchangesin
name and character.A concisecharacterizationofthe typesofcon-

tractsavailabiecurrentlyisgiven in Appendix B, section3.1-A.

Among these,the "JointEndeavor Agreement_ (JEA) isone ofthe
most desirablecontracts;no cashchangeshands and NASA provides

freelaunchesforthe company, which in turn providesNASA with

accessto itsflighthardware,a royalty-freelicenseto any result-

ing technology,or similarparticipationinthe valueand/or equity

producedby thejointactivity.

4. Summary of Major Industry-NASA Microgravlty Projects

A majorgoalinNASA's microgravityprogram has been toenlist

the supportof U.S. industry.The United Statesbegan itsmicro-

gravitymaterialsresearchinthelate1960swiththecooperationofa
limitednumber ofU.S.industrialconcernsinterestedinthedevelop-

ment ofequipment or inthe processingofmaterialsper se.During

the 1970s, the credibility of the program began to falter, however, as
advocates promised unrealistic rewards (see Dunbar Report).

Nevertheless, as cited, for example, in the 16 Centers for the
Commercial Development of Space operative in December 1987, un-

r der the auspices of the NASA Office of Commercial Programs, six are
dedicated to materials processing in the microgravity environment.
The s_ated objective of this program continues to be to accelerate
applications and use of space technology by the private sector. As of
January 1987, 58 U.S. corporations were said to be participating to
some degree in the activities of the centers, although it is not known

how many of these participations are in direct microgravity studies.
It is the impression of the committee that the cost to these corpo- ,
rationsof participationhas been low and the riskstaken by them

\
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have been minimal. Industrywillparticipateforlong-termstrategic
reasonsiftherisksand barriersaresufficientlylow.

Currentcorporatemicrogravityresearchactivitiesfallintothree

broad categories:(1) serviceproviders,such as Rockwell,TRW,

Space Industriesinc.,and SPACEHAB, who buildhardware and

potentiallyorbitinglabor_.tories;(2) companiesthattransfertheir

corporateReID to thespaceenvironment,such as 3M, John Deere,

Exxon, and EG&G, who grow crystalsand form solidsforresearch;

and (3) spacemanufacturers,such as McDonnell Douglas and Mi-
crogravityReseaxchAssociates,who plan productionof high-value

products(pharmaceuticalsand electronicmaterials,respectively).

However, at presentU.S.industryperceiveslittlenear-termin-
centivefor manufacturingin space. Testimony givento the com-

mitteeby representativesofpharmaceuticaland electronicmaterials

corporationsthatparticipatedin earlyexperimentsaimed directly
at commercializationsupportstheconclusionthatearlyenthusiasm

for commercial applicationshas givenway to a more realisticas-

sessment,and thatthereislittlecurrentinterestin directpursuit

of applications.In some cases-- e.g.,purificationofrareproteins

the valueof microgravltyseparationhas been supplantedby re-

combinant DNA methodologieswhich made formerlyrareproteins

readilyavailable.

Inspiteofthescarcityofnear-termprofitableventuresrequiring

themicrogravityenvironment,NASA shouldnot abandon itsgoalof

involvingindustryina nationalresearchprogram.

5. Time to Formation of Joint Endeavor Agreements

To date, a rather small number of Joint Endeavor Agreements
between NASA and companies have been signed. The first few con-

tracts were signed only after an average of 18 months of negotiations.
Additionally, during the STS standdown there has been a "hold" on
the approval of JEAs while decisions concerning alternative types of
contracts were being made and the future of the JEA was being es-

tablished (see Dunbar Report). This timing is considered a deterrent
to businessmen, who have an aversion to restrictions and an inherent
interest in timelin_.ss.
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Appendix D
International Cooperation

1. Recommendation

rWe recommend thai the U.S. governmen_ enhance the col-
laboration between U.S. and foreign micrograt,_ty scientists
to the greatest eztent consistent with U.S. interests. NASA
could facihtate this collaboration by the following means: (1)
allow foreign-ow;,ed companies from friendly nations to par-

ticipate in NASA micro2ravity research consortia, and (_)
create a Task Force-type group to ezplore mechanisms for in-
teracting internationally to maximize scientific return while
protecting U.S. interests."

2. NASA Restrictions on Foreign Commercial Part|cipatlon:
Language of Contracts; the Hoechst/Celanese Case

While NASA encourages, in spirit, scientist-to-scientist collab-
oration in microgravity research, and foreign scientists can become
STS investigators much more cheaply if they have American col-
laborators, the participation of foreign-owned companies in NASA-
sponsored Centers for the Commercial Development of Space is
strictly forbidden. As intert_ational buy-outs continue an increas-
ing number of U.S.-based companies that employ American workers
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arebecomingineligibleasbothbeneficiariesandbenefactorsofthe
CCDS program. For example,a representativeof CelaneseCor-
porationwho was invitedto testifybeforethecommitteefoundit
necessaryto tellthecommitteethat,once hisfirmhad become
Hoechst-Celanese(theworld'sthirdlargestchemicalcompany),he
hadtoabsenthiscompany,anditsinterestsinmicrogravityresearch,
fromtheCCDS ofwhichCelanesvhadbeena contributingmember.

3. European Space Agency

STS flightsof SL-I and D-I Spacelabmiss:'onswere,in the
main,ESA and G_rm._ missions,respectively.Duringthesetwo
missions,Europeanscie'_tistsflewasmany microgravityexperiments
asdidtheirAmericancounterpartsdidon 21Shuttleflights(Dunbar
Report,p.10).

4, EuropeanNationalPrograms:Gernmny,France,Italy

The German AerospaceAgency,DFVLR, works veryclosely
withtheNASA OfficeofSpaceFlightandsucceededinplanningand
fundingtwo completeSpacelabmissionsofitsown. The Grst,D-l,
containedthemostextensivearrayofmicrogravityresearchexperi-
mentseverflown,whilethesecond,D-2,willpresumablyflyin1989
andinclude,likeitspredecessor,a numberofAmericanexperiments.
Microgravityresearchhasa highpriorityintheDFVLR program.
The FrenchNationalCenterforSpaceStudies(CNES),whichplaces
considerableemphasison astronomyandearthobservation,isbuild-
ingan aggressiveprograminmicrogravityresearch.Aeritaliaisthe
Italiannationalagencyforspaceresearch.

Europeanagenciesand corporationsareresponsiveto INTO-
SPACE, Europe'sspacecommercializationcorporation,forcommer-
cializationactivities.As withNASA's OCP, INTOSPACE hasiniti-
ateda flighthardwaredevelopmententerprise,butitismore aggres-
siveand productivethanitsU.S.counterpart-- totheextentthat
AmericansmightconsiderleasingINTOSPACE hardware.

5. Japan:ResearchProgram Hlstoryand Plans

Japan'sapproachto microgravityresearchresemblesthe na-
tion'scorporatecultureingeneral.The NationalAeronauticsand
SpaceDevelopmentAgency(NASDA) isadevelopmentagency,while

J
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"trading companies _ are responsible for organizing consortia of man-
: ufacturers(Ito70 perconsortium),and do theactualcommercial

planningand assignmentofspaceexperimentdevelopmentamong
theirmember companies.The JapaneseSpaceUtilizationPromo-

: tionAgency(JSUP)promotesandfacilitatescorporateparticipation
inspecificspaceresearchexperiments.Forexample,Hitachiisbuild-
ingelectrophoresisequipment,and Fujitsuisdevelopinga Getaway
Special(GAS) canisterforproteincrystalgrowth.

i 6. USSR: Program History, Launch Data

! As theSovietUnionisalsoa successfulspacefaringnation,the
useofcollaborationinspaceasa toolofdiplomacyshouldnotbe
limitedtoourWesternallies.The SovietUnionlaunchednearly200
timesduringthelasttwocalendaryears,and thePeople'sRepublic
ofChinainrecentmonthscompletedtheirfirstfive-daymicrogravity
missioninwhichsome fivedifferentmaterialsweresolidified.There !

iseagernesstocooperatewiththeUnitedStateson thepartofboth
ofthesepotentialpartners,and,atleastincaseoftheSovietUnion,
itisnow reasonabletosurmisethattechnologytransfercanoccurin
twoways.The currentsituationpermitsscientist-to-scientistcollab-
orationinspaceresearchinnon-sensitiveareas,suchasspacephys-
iologyand planetology,butthereisverylittlecollaborativeactivity
sanctionedby theStateDepartmentand no officialencouragement
forU.S.-Sovietand U.S.-Sinocollaboration.Inthesame sensethat

sharingtechnologybuildsglobalmarketsintheWest,itshouldbe
assumedthatsharingbasicsciencewiththesocialistcountrieswill
similarlybuildfuturemarkets.Inaddition,launchopportunitiesare
quitedifferentinEastand West,and itisfullyconsistentwiththe
Americandesirefora varietyofmeans ofaccesstospaceand low
gravityto includeflightson thevehiclesofotherspace-faringna-
tionsGlavkosmos,theSovietagencychargedwithcommercializing
theSovietspacesystemand marketingspaceresearchopportunities
to thewesternworld,invitespaidparticipationby partiesfrom all
overtheworld.The committeespeakstoNASA, theDepartmentof
State, and the Administration as a whole on this issue.

While one of the U.S.'s most authoritative documents of Soviet

space activities, "The Soviet Year in Space," published annually
by Teledyne Brown Engineering (Johnson, 1986) indicates that the
USSR launches more than 80 rockets destined for earth orbit or

beyond each year, it has very little to say about Soviet achievements
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in microgravity research. From the widely circulated books and
reports by V.S. Avduyevsky and by Dr. Lea Regel, however, we know
that more than 1700 microgravity experiments have been performed
by the Soviets (see following references). Some of these have been
rather sophisticated, using, for example, the _Korund" furnace with
12 zones and a solution crystal growth system with holographic
monitoring. The budget expenditures for this level of effort are
difficult to identify and even more difficult to compare, as the salaries
of the 25 Ph.D.'s who work full-time at the Institute for Space
Research, in Moscow, could be as low as 1/5 that of their western
counterparts.

7. China: Recent Experiments

The Great Wall Corporation produces the Long March II rocket,
whichiscapableofloftingsubstantialpayloads(e.g.communications
satellites)toorbit.The firstChinesemicrogravityflightoccurred
August1-5,1987,and was reportedbrieflyintheUnitedStatesby
Prof.Xi-ShenChen ofthe AcademiaSinica,InstituteofPhysics,

Beijing.About fivesubstanceswere solidified(mainlyelectronic
materials)and retrievedina recoverablecapsule(utilizingabamboo
ablationshield!)afterfivedaysinorbit.

8. CooperativeMechanisms

A considerablerangeof cooperativeagreementshasbeen ar-
ranged,and agreementsarebeingnegotiatedbetweentheUnited
Statesand othernations.The UnitedStateshassignedagreements
with Canada, Japan, and ESA to cooperate in the design phase
(phase B) of NASA's International Space Station program. Each
country will assume its own cost for this and subsequent phases.
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AppendixE
Access to Microgravity Research

Opportunities

1. Recommendation

_We recommend that NASA maximize access to micrograv-
ity by fully utilizing the widest possible range of microgravity
facilities. In addition, we strongly recommend that research
efforts focus on the development of improved ways of pursu-
ing remote, unmanned microgravity research (i.e., research
methodologies, sensors, effectors, etc.). Over time, the mi-
crogravity research community should attempt to reduce the
percentage of experiments that require continuous manned
tending, and those microgravity experiments that must be
manned should be considered by NASA as Primary Payloads,
to the extent possible."

2. List of Major Microgravlty Facilities

The following items are currently considered available as Ameri-
can microgravity hardware to be used on the Space Shuttle, including
Spacelab:

- General Purpose Rocket Furnace
- Automated Directional Solidification Furnace
- Advanced Automated Directional Solidification Furnace
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- StaticColumn ElectrophoreticSeparator
- ContinuousFlowElectrophoresisSystem
- IsoelectricFocusingExperiment
- SingleAxisAcousticLevitator
- ThreeAxisAcousticLevltator

- AcousticContainerlessExperimentSystem
- ElectromagneticLevitatorFurnace
- FluidsExperimentSystem
- FluidExperimentApparatus
- VaporCrystalGrowth System
- MonodisperseLatexReactorSystem
- SoluteDiffusionApparatus

3. ListofMlcrogravityLevelsand Vehicles

TableE-Iindicatestherelativeaccelerationand thedurationof

lowg inseveralfacilities.

TABLE E-I Comparison of MicrogravityFacilities

Approximate Microgravity Frequency
Facilit__ Accelerat.(g) Duration of Reuse

Drop Tower 10-_ 2 sec. Several/day
Drop Tube 10"_ 6 sec. 2x/day
KC-135 Flight 10 "z. -20 sec. Mor hly
Rocket Flight 10 "4. . - 6 rain. None-4 -b
Secondary Payload I0 .-I0 . - 7 days Biannualafter1989
Primary Payload 10-4-10 "_ - 7 days 1990 & 1991 (D-2, J-l,

and maybe US-l)
Space Station I0-3-I0"5 - Months - 1994
Indust.SpaceFac. 10"t_ - Months PlanningStage

4. The Mixed Fleet Concept

During the early months after the Challenger accident, several
official groups made their voices heard concerning the need for un-
manned spacecraft to more efficiently conduct scientific missions and
to diversify the nation's access to space. Restarting the production
lines for existing expendable launch vehicles (F,Vs) such as Titan
and Delta was recommended, and studies of frec-flying orbiters for
microgravity and life sciences research were stepped up. Even the
complete abandonment of manned space flight was considered in

\
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some circles.NA_._Alifescientistsarecurrentlytakingadvantage
ofSovietunmanned flightopportunities,and theyareanticipating

futureU.S.recoverable-vehicleexperiments.Non-orbitingfacilities,suchasthefirstfouritemsinTableE-l,arebeingusedincreasingly_
withtheexceptionofsub-orbitalrocketflights,whichhavenotyet
returnedtotheU.S."fleet"butareusedroutinelyby ESA ("Texus')
and intheUSSR ("Mir-2").

Thus,asuccessful"mixedfleet"consistsofmicrogravityfacilities
aboardKC-135aircraft,soundingrockets,unmannedrecoverableand
non-recoverableorbiters,man-tendedindustrialspacefacilities,and
fully-mannedcraft,suchastheShuttleand SpaceStation.Specific
experimentgoalscanbe optimallymet by a wisematchingofeach
microgravit_,e _rimentto theappropriatefacilityin themixed
fleet. (So _endix F.)

5. PlannedSpaceStationMicrogravlty1_acilltles

i A number of modularexperimenthardwareunitsinstandard
rackshavebeenplannedfortheInternationalSpaceStation:

I
I. ModularContainerlessProcessingFacility(MCPF)
2. Mo_lularMultizoneFurnaceFacility(MMFF)
3. t_;_tec._:nologyFacility(BF)
4. AdvancedProteinCrystalGrowth Facility(APCGF)
5. FluidPhysics/DynamicsFacility(FPDF)
6. ModularCombustionFacility(MCF)

6. MicrogravityResearchand AccesstoSpace

6.1 Needs

Progress in space science and applications depends upon space
flight. Microgravity materials research is no exception. Materials
experimentation began during the Apollo program and continued on
the Skylab orbiting space station. Several Space Shuttle flights in-
cluded major materials experiments, most significantly three Space-
lab flights on which scientist/astrouauts were able to work directly
with their experiments in a shirt-sleeve environment. Unmanned ex-
periments have been flown on smaller sounding rockets, and these
could be flown on larger retrievable space platforms (such as the
Long Duration Exposure Facility currently stranded in orbit as a
consequence of the Shuttle standdown) or as attached payloads to

M
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otherprimary missionslaunchedfrom the Shuttleor conventional

rockets.The Space Stationprogram anticipatesextensivematerials

experimentationinitslabmodules and upon a co-orbitingplatform

periodicallyvisitedby thestationcrew.

In thewake oftheChallengeraccidenttheopportunitiesformi-

crogravityexperimentationbetween 1988and 1996 areverylimited.

The "Dunbar Report"found thepaucityofflightopportunitiestobe

thedrivingforcein the currentenvironment;making more difficult

choicesamong competingdisciplines,increasingthetensionbetween

a "pure"scientificresearchagenda and one more orientedtowards

industries,and accentuatingstrainswithinthe NASA effortbetween

the OfficeofSpace Scienceand Applicationsprogram (MSAD) and

the Officeof Commercial Programs efforts.(NASA, 1987).More-
over,withoutadditionalflighttimeitisunlikelythatU.S.materials

researchwillhave progressedsufficientlytomake prompt productive

use of the Space Station.The committee views thissituationwith
concernand seesa need to ensurethat:

• Microgravitypayloadscontinuetoreceivehighpriorityasthe
Shuttlescheduleevolves;

• Technologiesthatsupportunmanned materialsexperimenta-

tionbe developed;and

• Additional access to space for materials processing be sup-
ported in the pre-Space Station period in the form of un-
manned or man-tended spacecraft.

6.2 Current Status

Prior to the Challenger accident the Space Shuttle was to have
flown a series of microgravity payloads, from the highly visible Space-
lab flights to major experiments attached to instrument pallets in the

Shuttle cargo bay, to a number of secondary payloads in the mid-
deck or cargo bay. Numerous major microgr--ity payloads were
shown in Table I of the NASA Space Tra,_- System, Space
Shuttle Payload Flight Assignments, No_ Current plans
have pushed these flights back into the
be flown as secondary payloads also h_
sured by weight, NIACSAestimates
secondary payloads can be satisfied. 'iments
dominate the load that is carried, however.

J
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6.8 .T.-,.,._.,_ingAccess to Space

NASA representatives indicated to the committee that materials
research is perhaps the most important near-term use of the Space
Station, which will be operational in the mid-1990s. According to
some authoritative estimates, the national investment in the Space
Station could exceed 30 billion 1988 dollars before the end of the cen-

tury. Thus, support for microgravity research between now and the
beginning of Space Station operation is critical if the station is to be
effectively used in its early years of operation. Effective microgravity
research will be limited by flight opportunities if increased provision
for such opportunities is not made.

The issue extends beyond the priority on the Shuttle granted to
microgravity payloads, primary or secondary. The committee adds
its support to the many elements of the space technology and science
community encouraging NASA to use expendable launch vehicles

I where possible to fly payloads suitable to those vehicles. In this way

more flight opportunities will e to those payloads requiring
the unique attributes of the

A number of options to in'. ailable
for microgravity research include
unmanned as well as ma_ signif-
icant investments not currentl I the NASA budget plan.
Among the options examined by the committee were extending the

orbiting time of the shuttle to permit lo_.j_ration experiments,
investment in technologies to fly unmant_terials experiments,
and an interim man-tended orbiting platfor*W[ to be made available
sometime in the early 1990s.

7. Summary of Prbnary & Dlstlnctlons

i Primary Payload refers rriers',and satellites
thatare manifestedfora spe_"" ;htina specificlocationin

the Shuttlepayloadbay and_ on normaloperationof

theorbiter."Satellitesto be: _dtheSpacelabmodule are

examples of Primary Payloads. y Payload referstypically
toexperimentsthatoccupy spaceinthe Shutde mid-deckor a mid-

deck locker"with no imp'_orbiter operation."A real-time

prioritysystem establishes1_er or not a particularSecondary
Payloadwillactuallyfly,althoughSecondaryPayloadsarenormally

manifestedat the same time as Primary Payloads.For example,a
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fluidsexperimentmanifestedforflightina mid-decklockercouldbc
removedfromtheorbiterpriortoflightbasedon a prioritydecision
toaclda payloadspecialist.Payloadof Opportunityreferstoloads
manifestedwithoutpriorityiftheyhappentofitthemassandcenter-
of-gravitypatternofa particularflight.ExamplesareGet Away
_pecialcanistersand Hitchhikermodules.PayloadsofOpportunity
areloadedintotheorbiter4-6weekspriortolaunch.
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_ppendix F I
Management and Use of

U.S. Microgravity Resources

1. Recommendation

"Because of the limited access to this unique research en-

vironment, and because of the range of interested parties,
we recommend that the federal government establish a se-

nior advisory baard composed of representatives of industry,

academe, and interested government agencies. The mission

of this board would be to mazimize multi-sectoral participa-
tion in the ,ivilian microgravity program, and to facilitate

the implementation of the foregoing recommendations of this

committee. Such a board could be housed in an ezisting pol-

icy office of the Federal Administration, with NASA as its i

leading agency. ,4

4As this report w,'ts undergoing final National Research Council review, a
National Microgravity P_search Board, with structur. • and purpose s_mil,xr to
that recommend4.d here, w_ man lated in the President's _Spaee Policy and
Commercial Space Initiative to B:gin the Next Century _ (The White Honse,
February 11, 1988).
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2. Shuttle and Spacelab Facilities for Microgravlty Research

A list of Shuttle and Spacelab hardware made by or for U.S.
users was given in Appendix E, section 2. Some of these were adapted

from previous missions, such as Apollo or sounding rockets, and some
were designed for experiments already performed and not likely to
be repeated. The remaining items constitute a list that is short by
international standards. These facilities are akin to a "beam line"

at a multi-user national accelerator facility; they are available for
use by individual investigators, but they differ from a typical bc_m
line in not having users' committees. Nevertheless, they are similar
in their value, monetarily and as _ national resource. Physically,
these facilities range from a mid-deck locker unit (about 40 x 40

time8 25 cm) to a Spacelab double rack (about 65 x 40 × 240 cm)
in size. Power requirements vary from a few watts to a few kW

(peak). Arrangements are now underway to develop a capability
for accommodating mid-deck locker units and higher temperature

(>2000 deg C) furnaces. The Dunbar Report suggests that future
microgravity hardware planning include the development of multi-
user facilities, special-purpose facilities that can be modified to do
the experiments of other investigators well, and modular equipment
designed for rapid interchange of parts to successfully accommodate

i a range of anticipated experiments.

3. Expendable Launch Vehicles for Microgravity Missions

Many microgravity experiments require the gentle launch and
recovery accelerations of the Space Shuttle, or human tending, or
both; but there are some experiment types that can be performed
in rugged, remotely controlled and monitored equipment suitable for
launching on Titan or Delta rockets. The Life Sciences Division of
OSSA iiltends to take advantages of these possibilities and is studying
a :ecoverable orbital system "Lifesat." The Martin-Marietta and

McDonnell Douglas companies, respectively, are prepared to produce
theselaunchvehicles,and the "Scout"rocketisalsocapableoflifting
a few hundred pounds tolow-earthorbit.

4. Ground-basedand Non-orbitalMicrogravltyResearchFacUities

These consistof drop towers(2 sec.,at NASA Lewis Research

Center),drop tubes (5 sec.,at NASA Lewis and Marshall Cen-

ters),v_rcraftequipped forhigh-altitudeparabolicflight(20 sec.,

\
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in Johnson Space Center KC-135 and Lewis Lear Jet), and sub-
orbital sounding rocket flights (7 win., in U.S.-Canada Black 3randt,
Germany-Sweden Texus, and USSR Mir-2). All of the U.S. systems
are considered national user facilities.

5. Organizing an Experiment Through NASA

The following pages document, in outline form, the procedures
followed by a typical commercial user who performs an experiment
on the Space Shuttle middeck.

5..1 Flow Chart for Commercial Payloads

Table F-1 summarizes the various steps involved in flying a ma-

teriels processingexperiment on the Space Shuttlesystem. The
complexityassociatedat each specificstepin the proceJs,the pa-

perwork required,and thelogisticsofoperatingfrom coasttocoast

in the United Statesisnot reflectedin the table.Using a NASA-

suppliedMissionManager afterStep 3 reducesthe work required

on the partofthe userbut increasesthepaperwork and introduces
variouscontractpersonnelon the NASA side.

5.2 Definitions of Terms

Code E - Office of Space Science and Applications
Code C - Office of Commercial Programs
Code M - Office of Space Flight
JSC - Johnson Space Center,Houston,Texas

KSC - Kennedy Space Center,Cape Canaveral,Florida
Dryden - Dryden,Edwards AFB, California

MSFC - MarshallSpace FlightCenter,Huntsville,Alabama

LeRC - Lewis ResearchCenter,Cleveland,Ohio

JointEndeavor Agreement (JEA) - Pursuantto theNationalAero-

nauticsand Space Act of 1958 [Section102(c)]and NASA's Guide-
linesRegarding JointEndeavors with U.S. Domestic Concerns in

MaterialsProcessingin Space,publishedAugust 14, 1979,NASA
desiresto ehterintojointendeavorswith U.S.industrialconcerns.

See Appendix B, section3.1-A,fordefinition.

STS-100 Form -This form (now designatedForm 1628)isan autho-
rizationdocument thatcertifiesthevalidityoftheflightrequirements

presentedby theuserand impliesthecommitment ofNASA resources

to support tlleimplementationofa flightopportunity.Acceptance

\
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"FABLE F-1 Steps to Flight of Materials Processing Experiment Aboard STS 5

Requirement NASA Contact

I. Agreement/Contr_t Code C, Code E
Joint Endeavor Agreement (JEA) W*.hington, D.C.

2. Science Collaboration Code E
Washington, D.C. & Field Centers
(MSFC; LeRC)

3. Flight Manifest STS-100 Form Code M, Washington, D.C.

4. Paylo_l Integration Pl_n (PIP) Code M, JSC
Preliminary Design Review (PDR)
Critical D_ign Review (CDR)
Baseline PIP
Annexes (1-9)

5. Flight Safety Reviews Code M, JSC
0 - NASA Supplies Rules
1 - Response to Rules
2 - Exhaustive Review
3 - Final

6. Launch Site Support Plan (LSSP) Code M, KSC
Annex 8 to PIP

Ground Integration Requirements
Document (GIRD)

7. Ground Operations Safety Code M, KSC

8. Flight Certification Code M, KSC i

9. Payload Integration & Quality Code M, JSC & KSC

10 Flight Code M, KSC i

11. Payload/Flight Support Operations Code M, JSC

12. Landing/Retrieval * Payload Code M, KSC or Code M, Dryden
Deintegrstion i13. Flight Debriefing Code M, JSC

5Abbreviations are defined _nd described in section 5.2., Appendix F. i

i:

I

\
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by the NationalSpace TransportationSystem (Code M) initiates

appropriatesupporttofulfilltheflightoperations.

Payload IntegrationPlan (PIP} - This isthe agreement between
cu._ mer and NASA on theresponsibilitiesand taskswhich directly

relatetotheintegrationofthepayloadintotheSpaceTransportation

System (STS);itincludesidentificationoftasksthatNASA considers

asstandardand optionalservices.

PrelhnlnaryDesign Rc-4ew (PDR) - Review forexperimentbefore

fullPIP and safetyprocessesstart.

CriticalDesign Review (CDR) - Design reviewthat ensuresthe

experiment isacceptaJleand PIP and safetyprocesseshave been

completed.

Annexes toPIP -

1. PayloadData Package

2. FlightPlanning

3. FlightOperationsSupport
4. Command and Data

5. PayloadOperationsControlCenter(POCC) Requirement

6. OrbiterCrew Compartment

7. Training (if required)
8. Launch Site Support Plan
9. Payload Interface Verification Summary

Launch Site Support Plan (LSSP) - Document completed by a
NASA-supplied Launch Site Support Manager at KSC who receives
and coordinates the launch and landing requirements of the users.
This includes launch site payload processing, inspection, quality con-
trol, installation, and retrieval on landing.

Ground IntegrationRequirements Document (GIRD) - Document

thattheexperimenterusestospecifyallofthefacilitiesneededduring
the preflightintegrationofthe experimentfrom NASA atKSC.

5.8 Payload Integration Process

The followingthreelistsindicatemanagement and technicalsup-

port teams,documents, and an overviewof responsibilitiesfora

Shuttlemiddeck exp_.riment.
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A. Management and Technlcal Support

Payload Mission Manager--Serves as single point of con-
tact between the customer and the STS for technical inte-

gration of the payload to the STS.

Engineering Working Groups--The STS and customer will
support the Engineering Working Groups (Avionics, Ther-

mal, Structural/ Mecha_icaJ/Materia]s, Crew Compart-
ments) as required to: define technical interface require-
ments; identify and define engineering tasks or analyses;
develop the payload STS ICD.

Operations Working Groups--The STS and customer will
support the Operations Working Groups (Ground, Flight :_

Op._.rations, Flight Planning) as required to: define oper-
atio._al requirements, exchange data required for payload

operations.

B. Payload Integration Plan Document Annexes

Fnght Planning
- Crew activitiesplan/eventsequence
- Power,attitude,thermalprofile

- Trajectories/launchwindows

Payload Data Package

- Sequencedmass properties

- Configurationdrawings
- RF radiationdata

POCC Requirements

- Vol I- JSC POCC requirements
- Vol II-MCC to remotecenterinterfaces

Command and Data

Crew Compartment Stowage/Installatlon

Launch Site Support Plan
- Process plan
- Facilitiesand services

- Checkout procedures

Training
- Flight crew
- Ground crew
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- Integratedsimulations

Flight Operations Support
- Operationalplan
- Flightoperationsdecision
- Data exchangetimeliness
- Procedures

InterfaceVerification
- InterfaceverificationmatrixICD

- Uniqueverificationr_quirements

C. Overview of Responsibilities

Customer NASA

• SubmitForm 100

• Definepayloadrequirements• DevelopPIP toreflect
asinputtoPIP payloadrequirements

• SuportdevelopmentofICD • DevelopICD
• Submitsafetyreviewdata • Conductsafetyrevies
• ProvidePIP annexdata • ReviewandpublishPIP

annexes

• SupportCIR (useroption) • ConductCIR
• SupportIH/SR (useroption)• ConductIH/SR
• Supportgroundoperations • ConductGOR

review(GOR)
• Supportflightoperations , ConductFOR

review(FOR)
• Certifypayloadcompatiblity• Verificationanaly_,:s
• Supportflightreadiness , ConductFRR

review(FRR)
• Supportflightoperations , Conductmission

duringmission

6. NASA Budgets for Microgravlty

The OfficeofSpaceScienceand Applicationsannualbudgethas
typicallybeenabout$1.5billionoverthepastfewyears.MSAD has
receivedincreasingportionsofthisrelativelyfixedamount,and its
share (typically around 2 percent of this figure) has at least dou-
bled over the last fly,: years, partly owing to encouragement by the
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Congress and the Adnfi,listration. The FY 1987 amount, $39.4 mil-
lion, has nearly doubled for FY 1988, including an augmentation of
$12.4 miUion for _Advanced Technology Development." The Dunbar

Report recommended scaling this figure up to meet realistically the
anticipated demands of microgravity research; namely, amounts sug-
gested for FY 1987, 1988, and 1989 are $60, $150, and $200 million,
respectively.

The Office of Commercial Programs budget for microgravity-
related activities is comparable to that of OSSA, but exact amounts
are difficult to identify owing to the admixture of other commer-
cial space activities. About $10 million/year is dedicated to Centers
for the Commercial Development of Space that have microgravity
research emphases; a similar amouat is dedicated to hardwace de-
velopment and sub-orbital rocket flight purchases; and about the
same amount again is used for the promotion and administration of
microgravity-related commercial ventures.

The Office of Aeronautics and Space Technology (OAST, Code

R) accepts substantial responsibility for technology development, and
its antra- and extramural programs related to microgravity, while not
easily identifiable, are budgeted to a level comparable to that of the
other two offices, namely $20-$30 million per year.

Large increments for the future have been recommended only
for the OSSA efforts so far, and the OAST and OCP microgravity
budgets are expected to be relatively stable. The proposed budgets
of OSSA and OCP relevant to microgravity are given in Tables F-2
and F-3.

TABLE F-2 NASA Office of Space Science and Applications, Summary of
Resources R*quirements for the MIt _rials Processing in Sp_ce Program

___L_. __ ]_8s
1986 Amended Current Budget

Fundin_ Cate¢orv Actual _ _
(Thousands of Doilarm)

Research and tnilysil 12,I00 12,900 18,900 14,400

Microgrlv. Shuttle/eta, pmyloads 18.900 _ 34.000

Distribution of Prorram Amount by Installation

Johnson Spice Center 2,274 2,S0S 3,265 3,013
M_rsha)l Space Flight Center 6,447 10,829 15,429 12,804
Lewis Research Center ?,843 g,g4$ It.S0S 10,633
Langley Research Center 1,2Tg 1,165 !,9_5 1,906
Jet Propulsion Labor,Ltory 7,199 8,807 11,407 11,05:i

Headquarter* 5.959 _ _

Total 31,000 _ 47,900 _ *_
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TABLE F-3 Officeof CommercialPrograms,Summaryof Resources
Requirementsfor the CommercialUse of Space

1987' 1988
1986 Amended Current Budget

Funding Category Actual Budget Estimate Estimate
(Thousands o_"Dollars)

Commercial Applications R&D 12,940 22,600 22,600 31,000
Commercial D_velopment Support 3.280 3.000 3.000 4700

Total 16,220 25,600 25,600 35,700

Distrib. of Program Amount by Installation

Johnson Space Center 150 560 560 1,040
Kennedy Space Center 50 .........
Marshall Space Flight Center 4,334 6,350 6,350 11,430
National Space Technology Labs. 236 110 110 300
Goddard Space Flight Center 40 890 890 1,000
Jet Propulsion Laboratory 190 .........
Ames Research Center 168 280 280 580
Langley Research Center 450 820 820 1,340
Lewis Research Center 1,294 1,170 1,170 1,940
Headquarters 9308 15,420 15,420 18,070

Total 16,220 25,600 25,600 35,700

7. Recent Organizational Recommendations and theirImplemen-

tation

The Dunbar Report contained ten recommendations:

1. Optimize ezisting flight opportunities by establishing the Shut-

tle and Space Station as a national resource with ezperiment

review boards and the development of multi-user hardware.

2. Increase flight opportunities and utilize the full range of

microgravity opportunities, especially Shuttle middeck and

Spacelab, _MSL 's _ (Materials Science Laboratory) pallets in

the payload bay, Industrial Space Facility of SII/Westing-
house, eztended Shuttle flights, and ezpendable launch vehi-
cles.

3. Establish a stronger microgravity materials science program

with research administered primarily in MSAD and improved

coordination among NASA O,_ces managing microg,avity
research.
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" i4. Maintain a broad-based science research program in which all
of the (currently 6) disciplines continue to participate.

5. Increase hardware and technology development programs in-
cluding generic =nstrumentation and *facilities-grade _ hard-
ware.

6. Develop an unambiguous, coherent policy for manifesting
internationally competitive commercial programs.

7. Reinforce the Administration's and NASA's commitment to
commercial use of STS and Space Station for microgravity
research.

8. Increase the MSAD budget to SgO0million by 1990 and in-
crease the number of microgravity scientists and engineers at
headquarters and at the field centers.

9. Establish a NASA strategic planning board for microgravity
materials science involving, at least, all 6 o_ces involved in
microgravity materials science.

10. Manifest Spacelab and Space Station development flights for
1990, 199g, and 1993, to create a round of flight opportunities
that attracts users who ezpect reliability and to prepare U.S.
microgravity scientists for the Space Station era.

In addition, the report recommended several measures to relieve pres-
sure on the STS facilities--naa-nely, increased utilization of Shuttle
bay pallets, free-flyer platforr _, remotely controlled hardware, Get
Away Special canisters, and sounding rockets.

Partly as a consequence of this and other reports, as well as other
sources of advice, the NASA Deputy Administrator issued a series of
memoranda on 12 June, 1987, which called for:

1. The appointment of a strong scientific Director of MSAD.
2. The manifestation of Secondary Payloads to accomplish spe-

c:fic NASA objectives.
3. Contracting for ELV launch services from the private sector.
4. Revised authority and responsibility for OCP.
5. A revised procedure for evaluating and processing Joint En-

deavor Agreements.
6. Concentration of an inere_ed portion of microgravity sci-

ence project management in MSAD.
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Rapidimplementationofthesememoranda wasstronglysuggested.

8. NACA asa Model

Commercializationofmicrogravitytechnologiesrequireseffective
cooperationamong government,industry,and theacademicsector.
Whilegovernmentisoftenperceivedtobe an adversaryofbusiness
intheUnitedStates,effectivecooperationbetweengovernmentand
industryisnotunprecedented.One highlysuccessfulmodelforsuch
cooperationisthatwhichprovidedthefoundationforthedevelop-
ment ofaeronauticaltechnologyintheUnitedStates--theNational

AdvisoryCommitteeon Aeronautics(NACA).

The NACA operatedthrougha multipletieredcommitteesys-
tem whichbroughttogetherexpertsfromgovernment,industry,and
academiatowork directlyon themostimportantproblemsanden-
ablingtechnologiesunderlyingtheestablishmentofU.S.leadership
inaviation.Thisapproachenabledseniorexpertisefromallsectors
to be pooled,permittingtheentirespectrumof criticalconcerns
(frompracticaleconomicstotheoreticalscience)tobe reflectedin
thesolutionofkey problemsand helpingto assuretherapidand
efficienttransferofresultsina mannerthataidedU.S.industryfirst.

NASA's MicrogravityScienceand ApplicationsDivisioncur-
rentlyhasscientificpanelsinplace,througha formallystructured
systemwiththeUniversitiesSpaceResearchAssociation.Integra-
tionwillbe neededbetweentheUSRA DisciplineWorkingGroups
(7scientific9ar.els),whichalreadyrepresentindustry,academe,and
NASA, _,"_thesenioroversightboardrecommendedinthisreport.

Itwould be appropriateforNASA toinvestigateNACA as a
successfulhistoricalprecedenttodeterminehow a similarapproach
mightbe developedthatwouldcomplementand enhanceotherex-
istingmechanisms,suchastheCe_itersfortheCommercialDevelop-
ment ofSpaceandtheUSRA DisciplineWorkingGroups.

ik
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